I
nitial excitement around biofuels was soon dampened by the emergence of evidence of serious negative impacts on the livelihoods of those who cultivate the land on which the fuel sources are grown, on the sustainability of cultivation systems, and on biodiversity. Expectations have been raised again by new technology-based approaches to biofuels that have the potential to address these negative impacts.
The Nuffield Council on Bioethics, an independent body based in the United Kingdom, recognized that, despite vigorous debate around biofuels, there had been little systematic ethical analysis of this field and that this type of analysis could be of value to current policy discussions around renewable energy, land use, and climate change. This recognition led the council, 18 months ago, to set up an expert working group to consider the ethical issues raised by both current and potential future approaches to biofuels. In April 2011, we published our conclusions in a report, Biofuels: Ethical Issues, which included recommendations for policy and practice (Nuffield Council on Bioethics 2011). The two main biofuels currently in use are bioethanol made from feedstocks such as corn, wheat, or sugarcane and biodiesel made from palm oil or rapeseed oil. Although biofuels still make up only a small fraction of the fuel used worldwide, their production has increased significantly and very rapidly over the past decade. It is this rapid expansion that may be responsible for some of the problems associated with current biofuels.
Biofuels policy
For example, the increase in production of bioethanol from corn in the United States has been partially blamed for the increase in the prices of corn and other grains in developing countries (Westhoff 2010 ). There are also disputes over whether cornbased ethanol produces fewer overall greenhouse gas emissions than do fossil fuels (e.g., de Gorter 2010) . And although Brazilian ethanol production from sugarcane is hailed by some as the most successful example of a largescale biofuels program, it has been criticized for contributing to deforestation in rich habitat areas, leading to a loss of biodiversity (UNEP 2009 ). There have also been concerns about abuses to workers' rights through unhealthy working conditions and child labor (Amnesty International 2008).
Ethical principles for biofuels
By considering the problems of the past and drawing on moral values such as human rights, solidarity, sustainability, stewardship, and justice, in our report (Nuffield Council on Bioethics 2011), we set out six ethical principles that policymakers should use to evaluate biofuel technologies and to guide policy development: (1) Biofuels development should not be at the expense of people's essential rights (including their access to sufficient food and water, health rights, work rights, and land entitlements). (2) Biofuels Shaping an Ethical Future for Biofuels JOYCE TAIT should be environmentally sustainable. (3) Biofuels should contribute to a net reduction of total greenhouse gas emissions and should not exacerbate global climate change. (4) Biofuels should develop in accordance with trade principles that are fair and that recognize the rights of people to just reward (including labor rights and intellectual property rights). (5) The costs and benefits of biofuels should be distributed in an equitable way. And (6) if the first five principles are respected and if biofuels can play a crucial role in mitigating dangerous climate change, depending on certain key considerations, there is a duty to develop such biofuels.
Recommendations for policy
Test current policies against these ethical principles and many of them fail. For example, biofuels are often imported from countries with lessstringent environmental sustainability regulations. Only a third of biofuels used in the United Kingdom in 2009 and 2010 met a recognized environmental standard (Renewable Fuels Agency 2010). The European Renewable Energy Directive requires that workers producing biofuels be fairly paid, but it is not clear whether countries outside the European Union adhere to this, and none of the current initiatives to develop sustainable biofuels include a provision for ensuring that the costs and benefits of biofuels are distributed in an equitable way.
The Nuffield Council's key recommendation was that current biofuels targets should be replaced with an alternative, proportionate, targetbased strategy that is in accord with its ethical principles and that drives change in a more nuanced, flexible, and responsive way. Such a strategy could involve the development and implementation of a comprehensive ethical standard for all biofuels, enforced by a certification scheme, and set within wider frameworks for mitigating climate change and addressing land-use change. Developed countries should provide financial support and advice to countries that might find it difficult to implement such certification.
New biofuels
The sixth ethical principle states that if a biofuel technology satisfies the first five principles, there is a duty to develop those biofuels. The development of new biofuels is a rapidly growing field, focused on the use of biomass feedstocks that can be produced without harm to the environment or to local populations, that are in minimal competition with food production, that need minimal input of resources such as land and water, that can be processed efficiently to yield high-quality liquid biofuels, and that are deliverable in sufficient quantities. Two of the main approaches in development are lignocellulosic biofuels and biofuels made from algae. Biotechnologies, such as advanced breeding strategies and genetic modification, are being garnered in order to produce higher-yielding biofuels crops that offer greater greenhouse gas emissions savings without significant land-use change or other harms to the environment. However, commercial-scale production for most of these new types of biofuels is still many years away.
We identified large discrepancies between the targets and penalties that are in place for current biofuels and the relatively few incentives for encouraging new, better types of biofuels. The Council recommends that governments should do more to incentivize this kind of research-for example, through specific funding programs or by encouraging the establishment of public-private partnerships. There are, of course, several practical factors to consider before a new biofuel technology is pursued, such as the costs of development, comparisons with other energy sources, and the views of those directly affected.
The bigger picture Tackling climate change while providing energy and fuel for a growing global population presents us with a formidable challenge. The council specifically looked at the problems caused by biofuels, and the ethical certification scheme being recommended reflects this. However, there is no reason that our ethical framework and its principles should apply to just one sector of agricultural and technological activity. There is also the risk that our recommendations would raise standards for biofuels, whereas the ethical conditions would continue to be violated in other agricultural, energy generation, or trade practices. We therefore propose that our ethical principles can and should be used as a benchmark in the assessment of other comparable technologies and products. Biofuels, if produced in an ethical way, have great potential to contribute to the energy mix, but they alone cannot solve our problems.
